BACKGROUND The benefit of ideal cardiovascular health (CVH) on health-related outcomes in middle-aged patients is firmly established. In the growing elderly population, the high prevalence of comorbidities and medications for chronic diseases may offset such benefit.
T he concept of primordial prevention (i.e., preventing the development of cardiovascular risk factors) emerged as a complementary approach to primary prevention of cardiovascular disease (CVD) in the late 1970s (1) . It has been recently reemphasized by the American Heart Association (AHA), which has developed a simplified 7-item tool (body mass index [BMI], smoking status, diet, physical activity, blood pressure, blood cholesterol, and glycemia) to help promote ideal cardiovascular health (CVH) in the population (2) . This is of primary importance, as several population-based cohort studies have reported substantial and progressive risk reduction in mortality and CVD with higher status (3) (4) (5) (6) . However, such evidence is derived from a middle-aged population.
Although the promotion of ideal CVH should occur across the population, including those of older age (2) , to the best of our knowledge, the possible benefit of ideal CVH regarding mortality and vascular events in elderly populations is yet to be evaluated. This issue is of particular importance and may have significant clinical implications, given the aging of the population worldwide, the exponential relationship of age with mortality and CVD risks, and the healthrelated costs attributable to CVD in the elderly population (7, 8) . Primordial prevention in the elderly may also contribute to extended life expectancy without disabilities (9) . More specifically, elderly individuals are frequently taking several medications for chronic disease management, including hypertension, dyslipidemia, or type 2 diabetes, which may influence the prevalence of ideal CVH. Furthermore, comorbidities such as functional disability or depressive symptoms are highly prevalent in the elderly, and have been related to CVH, mortality, and vascular events (10) (11) (12) (13) . Hence, they may compromise the benefit of an ideal CVH on health in the elderly population.
Our main objective was to evaluate whether or not higher CVH status is associated with lower mortality and lower vascular event risks in an aging population.
We addressed these issues in the 3C study (Three-City Study).
METHODS
The 3C study is a French, multisite, observational prospective study investigating the determinants of dementia, coronary heart disease (CHD) and stroke in initially noninstitutionalized elderly subjects (14) . never smoked or who stopped smoking for at least 12 months. Physical activity was assessed through questions on the frequency of daily walking, sports activities, and recreational activities (Online Appendix). Based on the AHA definition of $75 min a week of vigorous activity or at least 150 min a week of moderate physical activity, ideal physical activity was defined as: 1) recreational walking for more than 2 h a day or practicing sports activities at least twice a week (in 2 study sites, Dijon and Montpellier); or 2) recreational walking for 8 h or more a week or practicing physical activity and sports activities for more than 4 h a week (in 1 study site, Bordeaux) (17) . A brief food frequency questionnaire (Online Appendix) was administered at baseline to assess the dietary habits of the participants (18) . Fiber and sodium intake could not be evaluated accurately in the whole 3C cohort, so the diet metric was defined on 3 instead of 5 items. Sugar-sweetened beverages were not measured. Sugar contained in alcohol was evaluated instead because it represents a main source of sugar consumed as a beverage in France, and was retrieved from detailed questions on alcohol consumption. Therefore, a subject was categorized as having an ideal diet if consuming: 1) vegetables and fresh fruits daily; and 2) fish twice or more a week; and
3) <450 kcal/week of sugar.
Ideal blood pressure was defined as untreated blood pressure of <120/80 mm Hg. Ideal total cholesterol and ideal fasting plasma glucose were defined as untreated values of <5.56 mmol/l and 5.20 mmol/l, respectively (equivalent to thresholds of <200 mg/dl and 100 mg/dl, respectively).
GLOBAL, BEHAVIORAL, AND BIOLOGICAL CVH.
According to the AHA, an ideal CVH is defined by the presence of the 7 metrics at the ideal level and the absence of any previous CVD (2) . Because only 1 participant met these requirements in the present study (see Results section), and consistent with previous studies, subjects having 0 to 2, 3 to 4, and 5 to 7 metrics at the ideal level were referred to as being in poor, intermediate, and ideal global CVH, respectively (3, 11 Table 2 ). The following sensitivity analyses were performed to investigate the robustness of the association between CVH and combined CHD or stroke. First, missing global CVH status was imputed: 1) as being poor (worst-case scenario); and 2) using multiple imputations by fully conditional specification with SAS Proc MI and MIAnalyze (SAS Institute, Cary, North Carolina) (23) . Second, to investigate reverse causality, the analysis was repeated after excluding deaths that occurred in the first 2 years of follow-up.
Third, the competing effect of death on the association between CVH and vascular events was investigated using the Fine and Gray method as mentioned earlier in the text (22) . Fourth, definite hospitalized angina cases were excluded from adjudicated CHD events. Last, using the total CVH score (range 0 to 14), we quantified the association of average (9 to 11) and optimal CVH (12 to 14) versus inadequate CVH (0 to 8) with all-cause mortality, CHD, and stroke.
All analyses were 2-sided and a p value <0.05 was considered as statistically significant except for the study of interaction. SAS software version 9.4 (SAS Institute) was employed.
RESULTS

BASELINE CHARACTERISTICS BY CVH STATUS.
Among the 7,371 participants without prevalent CVD and with available CVH status, the mean age was 73.8 AE 5.3 years, and 37% were men. Only 1 participant had all 7 metrics at the ideal level, 48 had 6 metrics at the ideal level, and 320 had 5 metrics at the ideal level. Altogether, 5.01% of the participants had at least 5 metrics at the ideal level. As presented in Table 1 , and after adjustment for age and sex, the Table 3 . Ideal blood pressure was the least frequent metric (6.16%), whereas ideal smoking was the most prevalent (93.21%). In women compared with men, all metrics except physical activity and total cholesterol were more often at ideal level. Accordingly, women more frequently than men had at least 5 metrics at the ideal level (5.64% vs.
3.92%; p < 0.0001). Furthermore, ideal physical activity and ideal blood pressure decreased markedly with age, whereas the opposite trend was found for ideal smoking, ideal BMI, and ideal total cholesterol.
As a result, the proportion of participants with at least 5 metrics at the ideal level decreased with age, from 6.75% to 3.89% across tertiles of age (p for trend <0.001). Table 5 ). respectively. The incidence of CHD and stroke combined decreased progressively and significantly with better baseline global CVH status (Figure 2A) and
with an increasing number of ideal metrics ( Figure 2B) Table 6 ). This suggests that functional disability or depressive symptoms are unlikely to mediate the association under investigation.
SENSITIVITY ANALYSIS. The robustness of the association between baseline global CVH status and CHD and stroke combined is supported by the results of 6 sensitivity analyses (Online Tables 7 and 8 ).
DISCUSSION
In this French cohort of noninstitutionalized participants with an average age of 73.8 years, only 1 participant had all 7 metrics at the ideal level, and only 5.01% had at least 5 metrics at the ideal level (Central Illustration). These latter subjects had a 29% decreased risk of all-cause mortality and a 67% decreased risk of CHD and stroke combined compared with those with up to 2 metrics at the ideal level.
We observed that the distribution of some CVH metrics differs in elderly subjects compared with that which is classically observed in younger people.
Specifically, ideal blood pressure and ideal total So far, only 2 large community studies have reported the distributions of the metrics of CVH in the elderly population (25, 26) . When comparing metrics with the same definitions, we noted that ideal total cholesterol was 2 times more prevalent in the Spanish study, whereas ideal smoking or ideal fasting plasma glucose and ideal BMI were 1.5 and 2.5 times, respectively, more prevalent in the 3C study (25) . The absence of sex stratification in the Spanish study may partly explain this heterogeneity. In NHANES (National Health And Nutritional Evaluation Survey), the distributions of ideal metrics were tabulated by sex, permitting a more direct comparison with the 3C study (26) . In women, ideal BMI and ideal fasting glycemia were 1.5 and 2 times, respectively, more frequent in the 3C study, whereas the opposite trends were observed for ideal blood pressure and ideal total cholesterol. In men, similar trends were observed between the 2 studies.
To the best of our knowledge, our study is the first to specifically investigate the association of CVH with mortality and vascular events in elderly people.
Recent studies in the elderly have shown that even at 65 and 75 years of age, with the number of risk factors at optimal levels, the remaining lifetime risks of death from CVD decrease whereas the remaining lifetime risks of CVD disease free and of survival after CVD markedly increase (27, 28) . However, only 4 risk factors-smoking, diabetes, blood pressure, and blood cholesterol-were considered. Two other studies in optimal diet are beneficial for optimal cardiovascular function and for the prevention of CVD morbidity and mortality in older adults (31) (32) (33) (34) . The attainment of 90% of ideal smoking in our study and in the NHANES participants over 65 years on the one hand, and the low prevalence of ideal physical activity and optimal diet on the other, suggest that particular efforts should be made on these 2 latter metrics. This may also impact the level of blood pressure, which was the least prevalent ideal metric in the current study.
STUDY LIMITATIONS. By design, only those who survived until at least 65 years of age could be recruited. The 3C study participants are also healthier and in higher socioeconomic status than their counterparts of similar age (14) . Taken together, it is likely that the prevalence of subjects with at least 5 ideal metrics is overestimated, but this should not affect the associations between CVH and health-related outcomes observed. In the absence of repeated assessment of all of the 7 metrics during follow-up interviews, the extent to which change in CVH also affected mortality and vascular events risks could not be evaluated in the current study. As in many large prospective studies, the physical activity and diet metrics were exposed to misclassification bias. However, it is unlikely to be differential with respect to the outcomes, thus biasing associations towards the null. Finally, heart failure has not been adjudicated in Global cardiovascular health (CVH) status was defined according to the numbers of ideal metrics: 0 to 2 (poor), 3 to 4 (intermediate), and 5 to 7 (ideal). In each stratum, the ratios represent the number of clinical events over the number of subjects present in the stratum. Hazard ratios and 95% confidence intervals (CIs) for intermediate and ideal cardiovascular health at baseline were estimated by Cox proportional hazard regression using poor cardiovascular health as the reference exposure category. Models were adjusted for age (where appropriate), sex (where appropriate), study site (where appropriate), education level, and living alone at baseline. The p value for interaction was obtained ideal CVH on a more general CVD risk in elderly subjects.
CONCLUSIONS
This study shows for the first time the benefit of higher CVH on mortality and vascular event risk in the elderly population. Our results support the AHA statement that primordial prevention should be proposed to all segments of the population, including the elderly.
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